Constructs, expression and purification 17
For PCR amplification of the gene for mature TasA (aa 28-261, Uniprot P54507) 18 chromosomal DNA of B. subtilis 168 and primer pair 1 (Table S4 ) were used. The 19 PCR product was cloned into a modified pET24a vector (kanamycin resistance), 20 pCA528 (1), to generate pCA528_His_Sumo_TasA28-261. For the truncated 21 version (aa 28-239), pCA528_His_Sumo_TasA28-239, a stop codon was 22 introduced at residue 240 via modified QuikChange site-directed mutagenesis, 23 using forward and reverse primer 2 (Table S4 ). The different constructs were 24 transformed into T7Express pRARE2. For this purpose, T7Express (New England 25
Biolabs) was modified with pRARE2 (plasmid for rare tRNAs carrying 26 chloramphenicol resistance, Novagen/Merck Millipore). 27
For unlabelled recombinant protein expression, transformants were grown on 28 LB-medium at 37 °C to an OD600nm of 0.8, then the temperature was lowered to 29 22 °C and the culture was induced by 0.5 mM isopropyl β-D-1-30 thiogalactopyranoside (IPTG) for overnight cultivation. For 15 N-and/or 13 C-31 labelling and/or deuteration (D2O 99,85% Eurisotop) minimal medium with 4 g 32 glucose ( 13 C6 glucose or d7 13 C6 glucose -Sigma) and 1 g 15 NH4Cl (Eurisotop) per 33 litre in M9 medium with twofold concentration of M9 salts, additional 0.1 x BME 34 vitamins (Sigma) and trace elements was used (2). Selenomethionine-(SeMet) 35 and 15 N, 13 C-valine-labelled TasA239 was produced by supplementing 1 l M9 36 medium as above with 2 g glucose only, but also 0.5 g NH4Cl, 100 mg of L-lysine, 37 L-threonine, L-phenylalanine and SeMet, 50 mg of L-leucine, L-isoleucine, and 38 bound proteins were eluted by an imidazol gradient with a maximum of 500 mM. 48
Fractions with target protein were pooled, Sumo-protease (the clone was kindly 49 supplied by P. Loll, Drexel University, US) added, and the solution was dialysed 50 against buffer B (20 mM Tris/HCl pH 7.5 200 mM NaCl) overnight at 10 °C using 51 membranes with 8 kDa cut-off. The reaction was stopped the following day by a 52 protease inhibitor cocktail as above and MC-chromatography was repeated to 53 remove protease, His-tag and intact fusion protein. The flow-through was 54 concentrated by ultrafiltration (using an Amicon stirring device, regenerated 55 cellulose membrane with 10 kDa cut-off, or alternatively a Jumbosep 56 polyethersulfon centrifugal device from PALL, causing less precipitation of TasA) 57 to 4 ml and applied to a 320 ml Superdex 200 column equilibrated with buffer C 58 (20 mM sodium phosphate pH 7.0. 50 mM NaCl). Purification success and protein 59 stability were checked by . 60
Final products were concentrated up to 500 µM in buffer C, sterile-filtrated and 61 0.02% sodium azide as well as cOmplete (protease inhibitor cocktail) were 62 added. 63
Preparation of 2 H, 15 N, 13 C-TasA261 biofilm 64 Cells of B. subtilis ∆tasA (DK 1042 tasA::kan) (4) were grown overnight and used 65 to inoculate (at a dilution of 1:100) 1.4 ml medium (MOLP) (5) at pH 7 in 24-66 well plates. After 1-2 h of incubation 100-500 µg of 2 H, 15 N, 13 C-labelled TasA were 67 added and the culture further incubated for 2-3 days at 30 °C (6, 7). A sufficient 68 amount of biofilm (containing appr. 270 µg TasA) was collected, washed with a 69 mixture of 70% buffer C and 30% D2O, and transferred into a 1.9 mm rotor. 70
Crystallization and structure determination. 71
TasA239 was crystallized employing the sitting-drop vapour-diffusion method. 72
Experiments were assisted by a Gryphon pipetting robot (Matrix Technologies 73
Co.) and a Rock Imager 1000 storage system (Formulatrix). Crystals appeared 74 within 2-6 days and were directly flash-frozen in liquid nitrogen without 75 addition of a cryo-protectant. Crystallization was successful by mixing 200 nl of 76 purified SeMet-labelled TasA239 (residues 28-239) at a concentration of 19.5 77 mg/ml with an equal volume of reservoir solution containing 34% PEG 78 2000MME, 0.1 M ammonium sulfate, 0.2 M lithium salicylate, 0.1 M sodium 79 acetate (pH 4.6). Wild type TasA239 was crystallized as described above for 80 SeMet-incorporated TasA239, but at a concentration of 20 mg/ml and without 81 lithium salicylate in the reservoir solution. All diffraction data were recorded at 82 BL14.1 at BESSY II (Helmholtz-Zentrum Berlin, HZB), processed and scaled using 83 the XDSapp (8). The crystallographic phase problem for the SeMet derivate of 84 TasA239 was solved by using HKL2MAP (SHELX suite)(9). The structure of wild 85 type TasA239 was solved by molecular replacement with Phaser (10) using the 86 SeMet-TasA239 structure as search model. Both protein structures were manually 87 built using COOT (11). The SeMet-TasA239 structure was iteratively refined using 88 Refmac (12), and the wild type TasA239 structure using Phenix (13). The SeMet-89
TasA239 structure consists of amino acids 30-117 and 125-239, and the wild type 90
TasA239 structure without bound salicylate comprises residues [118] [119] [120] [121] [122] [123] [124] [118] [119] [120] [121] [122] [123] [124] 
Fibrillation by extrusion 108
A protein sample of about 10 mg/ml was pumped into 70% ethanol at a rate of 9 109 µl/min via a syringe equipped with PEEK tubing (inner diameter of 0.125 mm) 110 according to Teule et al. 2009 (17) . 111 6 C. All NMR spectra were recorded at 300 K either on AV-III-600 or AV-III-750 115 NMR spectrometers (600 or 750 MHz 1 H frequency, respectively; Bruker Biospin, 116
Karlsruhe, Germany) equipped with cryoprobes of either TXI or TCI type, both 117 equipped with one-axis self-shielded gradients. In all cases, NMR data were processed and spectra viewed using TOPSPIN 3.2 or 141 earlier versions (Bruker Biospin, Karlsruhe, Germany). The processed data were 142 converted to UCSF format (23) and subsequently transferred to CCPN (24) for 143 evaluation. For H/D exchange experiments, 13 C, 15 N-labelled TasA239 was 144 lyophilised and re-dissolved in deuterated buffer. 15 N HSQC spectra were 145 recorded after 11 min, 1 h, 6 h, and 5 days. 146
Solid state MAS NMR experiments 147
All samples used for 1 H-detected MAS NMR spectroscopy contained 2 H, 13 C, 15 N,-148 labelled TasA. A sample labelled only with 13 C and 15 N was made to count signal 149 sets of the various amino acids in carbon-carbon correlations. The proton 150 content of the backbone amide groups was adjusted to 70% by using appropriate 151 buffers for equilibration. Samples were packed into a 1.9 mm rotor by 152 centrifugation at 120,000 x g, 8 °C for 1 h using an Optima L-90K ultracentrifuge 153 with a SW40Ti rotor (Beckman Coulter) and a device similar to that described by 154
Böckmann et al. (25). 155
Proton-detected MAS NMR experiments were recorded on a standard-bore 900 156
MHz spectrometer equipped with a 1.9 mm quadruple-resonance probe (Bruker 157
BioSpin, Karlsruhe, Germany). The MAS frequency was set to 40 kHz and the VT 158 gas flow to a nominal value of 230 K. According to an external calibration with 159 DSS and H2O, the achieved sample temperature was around 288 K (25). 160 2D (H)NH type experiments using cross-polarization (CP) and MISSISSIPPI 161 solvent suppression were used for all samples (10). Typical π/2-pulse lengths 162 were 2.5 µs for 1 H, 5 µs for 13 C and 7 µs for 15 N. For the 1 H/ 15 N CP, a contact time 163 of 1500 µs was chosen. On the proton channel, a square pulse with RF strength of 164 3ωr/2 was employed, whereas the 15 N spins were locked with a tangent ramp 165 and a mean RF strength of ωr/2 (ωr corresponds to the MAS frequency). For the 166 back transfer from 15 N to 1 H, a short CP contact time of 800 µs was applied to 167 ensure selectivity. Water suppression was achieved using the MISSISSIPI 168 sequence (with RF field strength of around 5 kHz) without homospoil gradients. 169
Low power WALTZ-16 decoupling for 1 H (5 kHz) or 15 N (3.12 kHz) was applied 170 during the 15 N evolution period or the 1 H acquisition period, respectively. For the 171 2D (H)NH experiment, the effective acquisition time in the indirect dimension 172 was set to 25.6 ms while using a recovery delay of 1.5 s. For the sedimented 173 sample 96 scans were used, for the samples containing fibrils 64 scans and for 174 the biofilm sample 512 scans. 175
Data were processed with TOPSPIN 3.2 or 4 (Bruker BioSpin, Karlsruhe, 176
Germany), applying shifted-sinebell (in t1) and Lorentzian-to-Gaussian 177 transformation (in t2) functions prior to Fourier transformation. Zero filling was 178 applied to 4096 (t1) x 1024 (t2) points. For better visualisation and comparison, 179 the processed data were first converted to UCSF format (23) and subsequently 180 transferred to the CCPN software (24). 181
CD measurements 182
CD spectra (260 nm-185 nm, average of 5 scans) of 10 µM protein samples (20 183 mM phosphate buffer, 50 mM NaF, pH 7.0 or 4.0) were recorded with a step size 184 of 1 nm at 25 °C on an Applied Photophysics CD spectrometer (Chirascan) in 1 185 mm cuvettes. Melting curves were obtained in the range of 20 to 90 °C with a 186 ramp of 1 °C per min and back. The results were analysed with DiChroweb (26, 187 27). 188
Isothermal titration calorimetry (ITC) 189
ITC experiments were performed using a VP-ITC titration microcalorimeter (GE 190 Healthcare, Freiburg, Germany). All titrations were performed at 20 °C and pH Scans were recorded by interference and absorbance optics in 5 min intervals. 221
Sedimentation coefficient distributions c(s) were calculated from absorbance 222 data with the program Sedfit. The protein partial specific volume and the buffer 223 physical constants were calculated from amino acid and buffer composition, 224 respectively, using SEDNTERP(28). Plots were created with GUSSI (available at 225 http://biophysics.swmed.edu/MBR/software.html) (29). 226
Electron Microscopy 227
For electron microscopy, formvar-carbon film coated grids were glow-228 discharged, a drop of protein sample was applied on the grids, blotted via filter 229 paper and negatively stained by 3% aqueous uranyl acetate. Dry grids were 230 imaged at Tecnai G2 200 kV or Zeiss 900 80kV transmission electron 231 microscopes. Images were taken at x50,000 magnification. 232
Mass spectrometry 233
For the analysis of TasA gel bands, appropriate sections of the gel were excised, 234
washed first with water, then with 25 mM ammonium bicarbonate in were incubated in 6 µl 50 mM ammonium bicarbonate. Subsequently, 2 µl of 50 255 mM ammonium bicarbonate containing 16 ng trypsin (sequencing grade 256 modified, Promega) were added (E:S=1:100) and the solution was incubated at 257 37 °C. Aliquots (0.5 µl of proteolysis reaction) were withdrawn from the reaction 258 mixture after 15 min, 30 min, and 17 h, and proteolysis was stopped by mixing 259 with 0.5 µl of MALDI matrix (α-cyano-hydroxycinnamic acid) on the MALDI 260 target plate. MS and MS/MS measurements were performed using a MALDI-TOF-261 TOF instrument (AB SCIEX TOF/TOF 5800; Applied Biosystems, Framingham, 262 MA, USA) equipped with a neodymium-doped yttrium-lithium-fluoride laser 263 (Nd:YLF, 349 nm). MS spectra were acquired in positive ion reflector mode, and 264 each spectrum obtained was a mean of 4000 laser shots. For MS/MS, a maximum 265 of 30 precursor ions were selected automatically. GPS Explorer (version 3.6, 266
Applied Biosystems) was used to process the spectra. template. Ten models were produced, with those having the lowest DOPE scores 281 (31) being shown in Fig. S5 and used for metal binding site prediction. 282
Metal binding site prediction 283
The presence of potential Zn 2+ binding sites in the SeMet-TasA239 crystal 284 structure and camelysin homology models was assessed using two prediction 285 servers: i) Metal Ion-Binding Site Prediction and Docking Server (MIB) (32) and 286
ii) IonCom (33). In both instances, standard settings were used. 287
B Supporting Data 289

Binding of divalent cations and structural relationship to camelysins 290
Based on sequence alignments and making use of our structural model, we generated 3D 291 models (Fig. S5a) based on a hand-curated multiple sequence alignment of four Bacillus 292 cereus and anthracis camelysins (Fig. S5b . Compared to TasA, helix fragments are deleted 293 and loops connecting the conserved helical segments are much shorter in these modelled 294 proteins, in particular α2 of TasA appears clipped and α3 is no longer present. All other 295 secondary structure elements of TasA are clearly built in the modelled camelysin structures. A 296 potential motif for binding of divalent cations was previously predicted for camelysin using 297 sequence alignments (34). The respective residues are also conserved in the TasA sequence 298 (D31, D64, N74, D104, Q214 and Q218, see arrows in Fig. S5b ). However, in our 3D 299 structure of TasA239 these residues do not appear to form clusters with a structural 300 arrangement that is suitable for metal binding (green residues in Fig. 2c ) as required for 301 protease activity, although four of them are located on top of the structure. In the modelled 302 camelysin structures, the respective residues were also not suitably clustered. 303 Intriguingly, B. subtilis biofilm formation takes place in minimal media solely when bivalent 304 metal ions like Mg 2+ or Mn 2+ (35, 36) are present. We investigated therefore binding of 305 divalent cations by isothermal titration calorimetry (ITC), NMR and crystallization 306 experiments. ITC measurements indicate very weak manganese binding to TasA239 with an 307 apparent affinity of ~340 µM, indicating weak electrostatic interactions (Fig. S4e,f) . Along 308 this line, crystallization of TasA239 in presence of manganese and zinc ions did not yield 309 structures with any bound cation. In particular, protein was co-crystallized with 6 mM MnCl2 310 and a 1.6 Å dataset was recorded at the Mn absorption edge. No anomalous signal could be 311 detected. 312 Titration of zinc ions into a TasA261 solution did not lead to chemical shift changes in the 15 N-313 1 H spectra, however, the strongly paramagnetic manganese ions caused a loss of cross-peak 314 intensity at comparably high concentrations (2.7-fold molar excess compared to TasA). 315
Affected residues are located within β-sheet 2 which comprises strands β3, β5, β6, β8 and the 316 loop preceding β8 ( Fig. 2e, Fig S5b) , and form negatively charged surface areas (Fig. 2d) . 317
Protease activity was not detected by an unspecific assay that employs azocasein as substrate. 318
These results suggest that TasA does not bind metals such as Mn 2+ or Zn 2+ with sufficient 319 affinity to induce metalloprotease activity as described for camelysin (34, 37) . 320 321
Structural differences of fibrillar and monomeric forms investigated by mass 322 spectrometry and NMR 323
The monomeric form of TasA was also characterized by H/D exchange monitored by 324 NMR spectroscopy and together with the fibrillar form by protease digestion combined 325 with mass spectrometry. In those experiments, residues in areas protected from H/D 326 exchange or proteolytic digestion are detected. In essence, several stretches with highly 327 protected amides are observed in NMR experiments on soluble TasA239, (Fig. S5b) , 328 indicating negligible exchange over several hours or days. As expected, those slowly 329 exchanging amide groups are located in conserved secondary structure elements (Fig.  330 S5b). 331
When applying tryptic digestion and mass spectrometry (resolving peptides between 1 332 and 4 kDa) to soluble TasA261, we observe cleavage in case of fibrils, but no cleavage at 333 lysines 136 (at the beginning of α2) and 201 (directly following b8) in case of the folded 334 monomer. Residues in the respective peptides (127NIILDDANLKDLYLM141 and 335 194VQMEIQFK201) were identified as H/D exchange-resistant stretches in the soluble 336 form by NMR. This suggests that K136 and K201, which are protected against tryptic 337 digestion in soluble TasA261, become exposed in the fibrillar form due to a 338 conformational change. 339
In summary, TasA undergoes vast structural transitions on its way from the cytosol to 340 natural biofilms. There are two types of high-molecular weight forms, gel-like and 341 fibrillar, of which one particular fibrillar form takes part in biofilm formation. Analytical ultracentrifugation (AUC) at pH 7 of freshly prepared TasA261 (blue 553 curve) and incubated for two weeks at 40 °C (green curve). At t = 0 (directly 554 after gel filtration and sample concentration, prior to incubation at 555 40°C) mainly monomer and distinct oligomers are present. After two weeks, 556 the monomer population is much smaller and a broad distribution of oligomers 557 is formed. Small, initial fibrillar structures are already observed in electron 558 micrographs at time point zero (blue frame) and solid, large fibers after 559 incubation for 2 weeks at 40°C (green frame). b) AUC of freshly prepared 560 TasA261 (red curve) at pH 3 and incubated for two weeks at 40 °C (orange 561 curve). At t = 0, (sample treated as in a) with pH additionally adjusted to 562
3) mainly monomer and several oligomers are present; two weeks later, the 563 monomer is almost gone and a wide variety of high molecular weight species 564 appear. The large fibrils that are visible in our electron micrographs do not 565 appear in the AUC profiles because they are too large and thus out of range 566 with respect to the x-axis in a) and b), and pelleted within the run-up time of 567 the centrifuge. c) Thioflavin-T (ThT) assay of a fresh preparation of TasA261 568 (blue bars) and after incubation for 5 days at 40 °C (red bars), both at pH 7 569 (left) and pH 3 (right). The ThT response after 5 days is significant at both pH 570 settings. d) SDS-PAGE (Lane 1: marker proteins; Lane 2: control sample 571 taken before start of incubation; Lane 3: TasA261 incubated at pH 7 and 40 °C; 572
Lanes 4 and 5: TasA261 incubated at pH 3 at 40 °C. Lane 4 shows 40% 573 protein as in lane 5). In this case the monomer band is strongly reduced and 574 high molecular weight species are accumulated on top of the stacking gel. 575
Mass spectrometric analysis of these bands demonstrated intact TasA in 576 these aggregates/fibres. The corresponding EM picture for pH 7 is shown in 577 Table S1 . X-ray diffraction data collection and refinement statistics. 717 
